In cases where both components of a binary system show oscillations, asteroseismology has been proposed as a method to identify the system. For KIC 2568888, observed with Kepler, we detect oscillation modes for two red giants in a single power density spectrum. Through an asteroseismic study we investigate if the stars have similar properties, which could be an indication that they are physically bound into a binary system. While one star lies on the red giant branch (RGB), the other, more evolved star, is either a RGB or asymptotic-giant-branch star. We found similar ages for the red giants and a mass ratio close to 1. Based on these asteroseismic results we propose KIC 2568888 as a rare candidate binary system (∼ 0.1% chance). However, when combining the asteroseismic data with ground-based BV I photometry we estimated different distances for the stars, which we cross-checked with Gaia DR2. From Gaia we obtained for one object a distance between and broadly consistent with the distances from BV I photometry. For the other object we have a negative parallax with a not yet reliable Gaia distance solution. The derived distances challenge a binary interpretation and may either point to a triple system, which could explain the visible magnitudes, or, to a rare chance alignment (∼ 0.05% chance based on stellar magnitudes). This probability would even be smaller, if calculated for close pairs of stars with a mass ratio close to unity in addition to similar magnitudes, which may indeed indicate that a binary scenario is more favourable.
INTRODUCTION
The Kepler space mission (Borucki et al. 2010 ) obtained high-precision photometric time series data for thousands of red giants that show solar-like oscillations. In many Kepler light curves eclipses were present due to the passage or occultation of a companion star or planet. These data have led to the detection of a num-ber of eclipsing binary systems with an oscillating redgiant component (e.g. Hekker et al. 2010; Gaulme et al. 2013) . From theoretical predictions we expect more red giants with observable oscillation modes to belong to binary star systems (Miglio et al. 2014) . The detection of these non-eclipsing binary systems requires different measures since they lack the distinct dips in flux in the light curves. A new class of eccentric non-eclipsing binary systems has already been detected with Kepler data (e.g. Beck et al. 2014 Beck et al. , 2015 . These binaries show ellipsoidal modulations due to strong gravitational dis-tortions and heating that take place during periastron passage, which become visible as "heartbeat" effects in their light curves. Their detection offered a new way of studying binary interactions as well as the evolution of such eccentric systems.
Moreover, Miglio et al. (2014) suggested to use asteroseismology to find potential binary systems that consist of two oscillating solar-type and/or red-giant stars. This method is applicable to high-precision long-term photometric data and independent of the inclination, separation and velocities of the binary components. Based on simulations of binary populations in the Kepler field of view, Miglio et al. performed a study to predict the asteroseismic detectability of two solar-like oscillators that are gravitationally bound in a single light curve. According to their predictions there should be 200 or more so-called asteroseismic binaries detectable in Kepler long-cadence data. When considering a total number of about 200 000 long-cadence targets, we obtain a ∼ 0.1 per cent chance of finding an asteroseismic binary. Additionally, the components should have a mass ratio near unity, which favors oscillations that overlap in frequency.
So far, there are only three published cases of asteroseismic binaries that are not in eclipsing systems, and that were detected in a single Kepler light curve. Appourchaux et al. (2015) reported the double-star system KIC 7510397 (or HIP 93511 or HD 177412), which shows two separated oscillation-mode envelopes of two solar-like stars with typical frequencies of the oscillations at about 1 200 and 2 200 µHz. By using speckle interferometry, Appourchaux et al. constrained the binary orbit and determined the stellar properties of both components from asteroseismic methods. More recently, White et al. (2017) presented the asteroseismic study of the binary system HD 176465 including the detection of individual mode frequencies for two solar-like oscillating stars that are on the main sequence. The stellar oscillations of both components cover the same range in frequency from ∼ 2 000 to ∼ 4 500 µHz. Based on the derived stellar parameters, White et al. classified them as two young physically-similar solar analogues. Furthermore, Beck et al. (2018) reported the detection of an eccentric binary system that consists of a sub and a super-Nyquist oscillating red-giant star with stellar oscillations present at around 120 − 250 µHz. The two binary components were found to be low-luminosity red giants of similar mass that are in the early and advanced stage of the first dredge-up event on the redgiant branch. Another interesting system was found by Rawls et al. (2016) . KIC 9246715 is a double red giant eclipsing binary, where both components have very sim- Stetson et al. (2003 Stetson et al. ( , 2005 ) centered on our pair of red-giant stars, which have a spatial separation of ∼ 1. 6. The numbers are the sequential catalogue identifications for the two stars as listed in Table 1 . ilar masses and radii. They measured one main set of solar-like oscillations with lower amplitudes and larger oscillation mode line widths than expected, while a second set of oscillations was only marginally detectable. Rawls et al. interpreted this as due to stellar activity and tidal forces weakening the oscillations of both stars.
These recent studies show the great potential of asteroseismology for binary systems where oscillations of the components can be detected. Here, we analyze the Kepler target KIC 2568888, which was originally proposed to be observed in the framework of a study of the open cluster NGC 6791. Based on asteroseismic stellar properties, Gaia parallaxes and supplementary ground-and space-based photometric measurements, we investigate if KIC 2568888 is a rare candidate binary system with two oscillating red-giant stars.
DATA
In the following, we provide an overview of the data that we used for the analysis of KIC 2568888.
Kepler light curve
The basis for our asteroseismic analysis is the Kepler photometric time series of the respective stars. During each Kepler observation, pixel files were acquired for any given target star. The pixels contained within a predefined mask were then added up to create light curves (Thompson et al. 2016) . When two stars are spatially coincident, as is the case here, they are observed as a single Kepler time series. To check if an optimal aperture mask was applied to derive this light curve, we inspected the individual target pixels of KIC 2568888. We found that all pixels with stellar signal include the flux of both stars, which makes the extraction of individual light curves impossible. We also performed the aperture photometry with the KADACS software (García et al. 2011) with the same result.
For the asteroseismic study we used the concatenated corrected light curve (Handberg & Lund 2014 ) that was created from 860 days of observations during the nominal Kepler space mission with one exposure taken every ∼ 29.4 min (long-cadence mode). From these light-curve data we determined the asteroseismic stellar parameters for both red-giant stars, which we describe in Section 4.
APOGEE spectra
As further constraints we took the effective temperature and metallicity that were published by the 14 th data release of the Sloan Digital Sky Survey (SDSS; e.g. Blanton et al. 2017; Abolfathi et al. 2018) : T eff = 4378±76 K and [M/H] = −0.005±0.023 dex. These atmospheric parameters were derived from APOGEE spectra by using an automated pipeline and under the assumption that KIC 2568888 is a single stellar object with coordinates α = 290
• .09354±0
• .00460 and δ = 37
• .86151±0
• .00440. APOGEE visited the system twice with the observations being 16 days apart. The mean measured radial velocity with respect to the barycentre is −58.90 km s −1 with a radial velocity scatter of 0.18 km s −1 . Only the spectral lines of a single component were visible in the spectra. Whenever we used T eff and [M/H] in the asteroseismic stellar parameter determination (Sec. 4), we adopted uncertainties of ± 200 K and ± 0.3 dex respectively. The impact of the unknown individual temperatures in particular is marginal, since red giants cover a very narrow range in T eff , which lies within the adopted uncertainties.
Ground-based BV I photometry
One of the photometric measurements in which the candidate binary is resolved is shown in Figure 1 , where we see two stars with similar visual magnitudes in the region around KIC 2568888. These data were obtained during the original photometric survey of the open cluster NGC 6791 (Stetson et al. 2003 (Stetson et al. , 2005 with additional measurements that were acquired more recently. We analyzed the BV I photometry of the two stars by using the methodology discussed in Stetson (2000) ; Stetson et al. (2003 Stetson et al. ( , 2005 . The positional and photometric measurements for both stars are given in Table 1 . We used these magnitudes to estimate the distances in Section 4.3.
(Near-)infrared photometry
In the Two Micron All Sky Survey (2MASS; e.g. Skrutskie et al. 2006) , the two stars are unresolved and thus observed as a single source. We report the combined J−band, H−band and K s −band magnitude in Table 1 , which we used to investigate the distances (see Sec. 4.3) .
We further note that the Wide-field Infrared Survey Explorer (WISE; e.g. Wright et al. 2010 ) provides combined fluxes for the pair of stars in four bands, which are all similar. We do not find any noticeable features such as infrared excess emission, which in case of a binary star would be circumbinary dust that is commonly observed in post-asymptotic giant branch systems (e.g. Dermine et al. 2013) . However, in case of a pole-on system, the dust disc may be outside the photometric mask that was selected for obtaining the photometry.
Gaia DR2 parameters
The second Gaia data release (DR2; Gaia Collaboration et al. 2018) provided new data on the two stars that are identified as KIC 2568888, which we report in Table 1. The astrometric and photometric measurements were derived from a 22 months time span of observations. With an effective angular resolution of about 0. 5, Gaia could resolve the two sources. Due to the astrometric precision of 4 · 10 −5 arcsec we can update their angular separation to be ∼ 1. 5765 (Fig. 2) .
For both red giants parallaxes are provided, although for one of the stars the parallax value is negative. This is a result of the measurement process in cases where a model is fitted to noisy observations. About one quarter of all published parallaxes in Gaia DR2 are negative (Bailer-Jones et al. 2018) . If a negative parallax is used to estimate the distance, it is important to treat its derivation as an inference problem by using a full Bayesian analysis, because the likelihood is not informative enough and the influence of the prior is significant. Following this approach, we found different distances for the two red giants with ∼ 5.6 kpc and ∼ 14.7 kpc, respectively. It is worth noting that binarity was not taken into account in Gaia DR2. The source model that was used to derive the astrometric parameters is representative of a single star with the assumption of a uniform and rectilinear space motion relative to the solar system barycentre (Luri et al. 2018) . This model describes the typical helix movement for the apparent motion of a star on the sky. Binarity can disrupt this movement and may alter the distance estimates and proper motions of the binary components significantly. Moreover, the pair of stars that we study is very close and they have similar visible magnitudes (see Table 1 ). This can lead to some further confusion during the analysis process, in which blending and decontamination from nearby sources were not included.
In Table 1 we also provide the 'astrometric excess noise' ( ), which quantifies how well the astrometric 5 − pa- Table 1 .
rameter model fits the observations. A large value of would show that the astrometric fitting was problematic. In order to evaluate the statistical significance of this parameter, we can use the dimensionless 'astrometric excess noise sig' quantity (D). In cases where D ≤ 2 the astrometric excess noise is considered statistically insignificant. For both stars investigated here, the provided D values are larger. This indicates that the Gaia astrometric pipeline did indeed encounter some problems when fitting the astrometric model, in particular for the source 2051291674955780992, in which case a negative parallax measurement was provided. Due to these possible complications we are not able to make any firm conclusions on the physical relation between the two stars based on the recently published Gaia data.
We further note that the resolution of the Gaia G−band is of the order of ∼ 0. 3 − 0. 5, thus individual values for each star could be retrieved and they are of the same order of magnitude as the ground-based V measurements. The mean red-(G RP ) and blue-band (G BP ) magnitudes are given for one object only. As these bands have a lower resolution of ∼ 2. , which exceeds the angular separation of our pair of stars, it is likely that the published G BP and G RP values represent the combined flux of both sources.
At this moment no radial velocity data are provided by Gaia for our pair of stars.
FOURIER SPECTRUM ANALYSIS
The typical feature of a star showing solar-like oscillations is a well-defined power excess that is visible in the Fourier power density spectrum (PDS). For KIC 2568888 we observe excess power at ∼ 7 µHz (star A) and ∼ 16 µHz (star B), respectively, which can be attributed to two different red-giant stars. Through the analysis of individual oscillation modes we aim to get a picture of the interior structure of both stars.
The global background model
The oscillation modes are superimposed on a granulation background, which we need to define before studying the oscillations. We chose a model similar to the descriptions used by Kallinger et al. (2014) with the contribution of three granulation background components:
Here, n wh represents the white noise. Each granulation component is defined by a Lorentzian-like function with a characteristic amplitude A i , frequency b i and a fixed exponent of 4. The stellar granulation is further influenced by an attenuation η, which arises due to discrete time sampling of the flux measurements.
As a parameter estimation method we employed a Bayesian Markov Chain Monte Carlo (MCMC) framework with affine-invariant ensemble sampling, as implemented in the Emcee 1 routine (Foreman-Mackey et al. 2013) , to explore the parameter space of the granulation background components (eq. 1). After convergence, we used the MCMC chains to estimate the posterior probability density functions for each parameter. We adopted the medians of these distributions as an estimate of the expectation values for the parameters and their 16th and 84th percentiles as standard uncertainties. In panel a) of Figure 3 we show the PDS of KIC 2568888 and the global background fit. The oscillation regions of the two red-giant stars are marginally overlapping at the edges. The parameter ν max represents the frequency of maximum oscillation power, which we define as the center of the oscillation power envelope. In order to determine ν max for each red giant, we first corrected the PDS by the global background and then we fitted a model with two Gaussian functions to the normalized PDS. The global background parameters and ν max values are listed in Table 2 . We further note that the amplitudes of the power excesses are on the lower edge of the empirical ν max -amplitude relation (e.g. Kjeldsen & Bedding 2011; Stello et al. 2011; Huber et al. 2011; Mosser et al. 2012) . Although that does not provide decisive information about our pair of stars, it shows that the presence of two stars provides a 'diluted' light curve, which results in the observation of decreased amplitudes of the oscillations. Table 1 . Ground-based BV I photometric measurements (Sec. 2.3) and Gaia DR2 parameters (Sec. 2.5) for the two stars as well as the combined 2MASS JHKs magnitudes (Sec. 2.4). We note that the uncertainties in the Gaia distance estimates are represented by the lower and upper boundary of the 68 per cent credibility intervals.
Ground-based BV I photometry from Stetson et al. (2003 Stetson et al. ( , 2005 2MASS all-sky data release Source name 2MASS J19202244+3751414 α (J2000.0) [deg] 290.093536 ± 0.0075 δ (J2000.0) [deg] +37.861511 ± 0.0075
11.503 ± 0.019
10.759 ± 0.017
10.629 ± 0.016
Oscillations
Another asteroseismic parameter of interest is the mean large frequency separation ∆ν, i.e. the frequency spacing between pressure (p) modes of the same spherical degree and consecutive radial order n. Here, we used the continuous wavelet transform-based peak detection method developed by García Saravia Ortiz de Montellano et al. (2018) to search for all significant Lorentzian-like peaks in the background-normalized PDS. In the current analysis, we applied this automated peak detection algorithm with a signal-to-noise threshold of 1.5. As a measure of the statistical significance of each peak we compared the Akaike Information Criterion (AIC; Akaike 1998) of a PDS model including the peak and a model without it. The AIC difference between the two models is similar to a log-likelihood difference with a penalisation for the number of degrees of freedom. The model with a lower AIC value is preferred. For more details about the peak detection we refer the interested reader to García Saravia Ortiz de Montellano et al. (2018) . In addition to the frequencies of the peaks, the algorithm provided initial values for their amplitudes and line widths. Based on these estimates we used a maximum-likelihood method (MLE) to optimize all variable parameters simultaneously. From this final MLE fit we estimated the values for the frequencies, amplitudes and line widths of the oscillation modes as well as their uncertainties, which we report in Table 4 . We note that the mode amplitudes are given in units of the background-normalized power density spectrum. In panel b) of Figure 3 we present the backgroundnormalized PDS including the model fit. The residuals in panel c) show that only noise is left in the PDS after the fit. In the following, we assigned the spherical degree and the acoustic radial order to the set of detected frequencies by using the asymptotic relation (Tassoul 1980) . For both stars in KIC 2568888 we detected several radial orders of = 0, 1 and 2 modes and two = 3 modes (Table 4) that are visible as vertical ridges in theéchelle diagrams (Grec et al. 1983) in Figure 4 . As a further note, no clear evidence of mixed modes were present in the power density spectrum. Therefore, no evolutionary stage determination based on period spacings was possible for either red-giant star (e.g. Mosser et al. 2011; Stello et al. 2013) . A preliminary study by Themeßl et al. (2017) presented that about 50% of red giants in detached eclipsing binaries show only pdominated mixed modes compared to about 4% of red giants not known to be in binary systems. This may hint to a binary scenario for KIC 2568888.
For each red giant, we computed the mean large frequency spacing ∆ν from a linear fit through the set of four central = 0 modes (marked with asterisks in Table 4 and with filled symbols in Fig. 4 ) that were unambiguously assigned to the respective star. According to the asymptotic relation for = 0 modes, the slope parameter of each fit represents ∆ν and the intercept is related to the phase term . We report the mean large frequency spacings for stars A and B in Table 2 . In addition, we derived local values (∆ν c , c ) as these are proposed to provide information about the evolutionary stage of red giants (Kallinger et al. 2012) . Based on ∆ν c,star B = 2.168 ± 0.021 µHz and c,star B = 0.85 ± 0.01, star B is a red-giant-branch (RGB) star. Star A is a more evolved red giant which may be in the asymptotic giant phase (AGB) of stellar evolution with measured ∆ν c,star A = 1.202±0.012 µHz and c,star A = 0.10±0.02. 
DETERMINATION OF STELLAR PARAMETERS
We measured the global seismic parameters (ν max and ∆ν) to derive the stellar properties of stars A and B by using different asteroseismic methods. Here, we use the stellar parameters to investigate if the two red giants under study could potentially be physically bound in a binary system.
Asteroseismic scaling relations
One method to determine the stellar parameters of red giants is based on the asteroseismic scaling relations (SR; Ulrich 1986; Brown et al. 1991; Kjeldsen & Bedding 1995) . These equations require reference values often taken from the Sun and thus it is implicitly assumed that the internal stellar structure is similar for all stars of different masses, metallicities and evolutionary stages. From observations and theoretical predictions we know that this is not the case. Different studies pointed out discrepancies in the derived asteroseismic stellar parameters of red-giant stars (e.g. Huber et al. 2010; Gaulme et al. 2016; Themeßl et al. 2018 ) even though several modifications to the scaling relations were proposed in order to improve the precision of these parameter estimates (e.g. White et al. 2011; Miglio et al. 2012; Mosser et al. 2013; Hekker et al. 2013; Guggenberger et al. 2016; Sharma et al. 2016; Guggenberger et al. 2017; Rodrigues et al. 2017; Viani et al. 2017; Themeßl et al. 2018 ).
In the current study, we employ empirical reference values (ν max,ref = 3137 ± 45 µHz, ∆ν ref = 130.8 ± 0.9 µHz) that were derived from a combined asteroseismic and binary analysis of three RGB stars . By using these reference values the metallicity, temperature, mass dependence of stars as well as surface effects are incorporated in the SR. Based on the global seismic parameters, the spectroscopic effec- tive temperature and metallicity from APOGEE spectra, and the empirical reference values we computed the asteroseismic stellar parameters for both stars. We note that the formal uncertainties in the derived stellar parameters are larger due to our adopted uncertainty of ±200 K in temperature since we lack individual T eff values for stars A and B. The stellar parameters are reported in Table 2 .
Grid-based modeling
In addition to the determination of stellar parameters through SR one can also use a precomputed grid of stellar isochrones to find the best-fit model to the observational data. For our grid-based modeling (GBM; Gai et al. 2011 ) approach we computed a set of stellar isochrones with the PAdova and TRieste Stellar Evolution Code (PARSEC; Bressan et al. 2012 ). These isochrones extend from the lower main sequence up to the asymptotic giant branch for stars between 0.1 M and 12 M with ages ranging from ∼ 4 Myr to 13.2 Gyr and metallicities in the range 0.0005 ≤ Z ≤ 0.07 (corresponding to −1.49 ≤ [M/H] ≤ +0.78). For low mass stars, mass loss due to stellar winds is incorporated during the RGB phase according to the empirical formula by Reimers (1975) with an efficiency factor of 0.2. We obtained this grid of stellar models through the CMD web interface at OAPD 2 . The stellar parameters were extracted from this grid using an independent implementation of the likelihood method described by Basu et al. (2010) , where the likelihood of each model was computed from a given set of observed parameters. In this case, we used ν max and ∆ν from the asteroseismic analysis and atmospheric parameters (T eff , [M/H]) provided by APOGEE to search for matching stellar models. For the computation of ∆ν and ν max for the models, we employed the scaling relations with the empirical reference values as stated in the previous section. Based on a Monte Carlo method, we obtained the stellar parameters including their uncertainties for each star from the center and width of a Gaussian fit through the total likelihood distribution of 1 000 perturbations, which we report in Table 3 . We note that the uncertainties of the GBM results are larger due to the lack of individual T eff and [M/H] measurements for our pair of stars.
In addition to individual ages of the two red-giant stars, the GBM approach provides an indication of which evolutionary state is favored ). For star A we found two solutions in different evolutionary stages that matched the observations, a red-giantbranch and a more evolved asymptotic-giant-branch model (Table 3) . Based on our optimization method, we obtained a marginally higher statistical significance for the solution on the asymptotic giant branch. For both stars, we found the same evolutionary stages from stellar models and from the study of the local phase terms (Sec. 3.2). To check the results from PARSEC, we repeated the GBM analysis with stellar isochrones from the BaSTI 3 (Pietrinferni et al. 2004 ) code and obtained consistent results.
UniDAM
UniDAM (Mints & Hekker 2017 ) is a Bayesian isochrone fitting tool that can use different combinations of measured physical parameters (e.g. R, T eff , log g, [M/H]) as well as Gaia parallaxes as inputs to determine stellar masses, ages and distances. We used this tool for a further test to constrain the age and the distance of each star independently by comparing our final R and log g values from SR (Table 2) together with the BV I photometry (Table 1 ) with PARSEC models (same set of isochrones as described in Section 4.2). Since it is not known which photometric component corresponds to which asteroseismic signal (stars A and B), we employed both possible combinations of magnitudes with rather similar results. As a reference, we chose the result with the better fit to the photometry with a χ 2 probability close to 1. Based on this approach, we derived age estimates for both stars that were consistent with those derived from the asteroseismic analysis, while the apparent distance moduli turned out to be different with µ d,A = 14 m .63 ± 0.12 and µ d,B = 13 m .96 ± 0.15. In Figure 5 we show the Gaia DR2 parallax probability distribution function (PDF) for the star with the positive Gaia parallax measurement and the parallax 3 http://albione.oa-teramo.inaf.it/ PDFs as derived by UniDAM from BV I photometry for both stars. From UniDAM, we computed a lower parallax value for star A and a higher parallax value for star B, while the positive Gaia parallax value lies in between with its uncertainties covering the individual PDFs of both stars.
The discrepancies in the distance estimates is not surprising due to the fact that the apparent magnitudes are very similar, while we detected two power excesses with different ν max values and thus expect the two stars to have different radii (see Tables 2 and 3 ). With similar effective temperatures, which can be assumed given the similar observed colors, different radii should lead to different absolute luminosities and thus absolute magnitudes. In our analysis, this difference is on the order of 0 m .65 which can only partly be explained by the uncertainties in the models, the photometric calibration and the extinction model that were used.
In addition, we can test if we find solutions for the two stars assuming that they are in a binary system. In this case, we took as a constraint the combined apparent magnitude for KIC 2568888 from 2MASS (Table 1) , where the pair of stars could not be spatially resolved. The combined magnitude should then match the predicted magnitudes from the best-fitting models for both stars. We selected a pair of models such that the following conditions are fulfilled: (1) Metallicity and age (as computed from GBM) are the same within uncertainties for both models; (2) R and log g are within 4 σ uncertainties from values derived from the asteroseismic analysis; and (3) BV I photometry for each model and combined JHKs photometry match the observed values. Based on these criteria, we found solutions that give an age of ∼ 3.4 Gyr, a metallicity of ∼ −0.06 dex and a distance modulus of ∼ 14 m .4 or ∼ 7.5 kpc. We note however that the χ 2 probability for this model pair is rather low on the order of 10 −9 .
DISCUSSION AND CONCLUSIONS
In the Kepler light curve of KIC 2568888 we detected asteroseismic signals of two red giants. The asteroseismic analysis leads us to the following conclusions:
-The similar ages (∼ 3.6 and ∼ 3.7 Gyr) for stars A and B, and a mass ratio close to unity support a possible binary scenario, where KIC 2568888 is comprised of either two RGB components or a RGB/AGB combination.
-If KIC 2568888 is indeed an asteroseismic binary system then this would be a very interesting and rare candidate binary according to Miglio et al. (2014) , who pointed out that the detection of a Figure 5 . Parallax probability distribution functions (PDF) for the observed parallax measurement for source 2051291674950663808 from Gaia DR2 (in black) and asteroseismic stars A (in blue) and B (in red) as derived from UniDAM (Sec. 4.3). For star A we show the PDFs for models in both evolutionary stages (RGB: solid, AGB: dashed). Upper and lower panels represent different combinations of asteroseismic R and log g values and ground-based BV I photometry, since we are not able to match the asteroseismic components with their photometric counterparts. In both cases the results are similar.
binary system in this configuration is possible, yet not that common. According to their study, the overall probability of detecting two solar-like oscillating binaries in a single Kepler time series is of the order of 0.1 per cent.
-If the derived ages of stars A and B are accurate, then it is unlikely that the two stars belong to the old (∼ In addition, we computed distance estimates for the two stars, which are challenging a binary interpretation. From ground-based BV I photometry that we combined with the asteroseismic radii and logarithmic surface gravities, we obtained different distance moduli for both stars with µ d,A = 14 m .63 ± 0.12 and µ d,B = 13 m .96±0.15, respectively. Comparing this with recently published Gaia data, we found a consistent distance estimate for the star with the positive Gaia parallax measurement, while for the other star a negative parallax is provided that results in a different distance measurement. Even though this distance may be correct, we do not consider it reliable due to the strong influence of the chosen prior in the Bayesian analysis as well as the Gaia 'astrometric excess noise' flag, which indicates that the astrometric fitting of this source in particular was ambiguous. This leads us to the conclusion that:
-If the discrepancy in the distances is true, then this could indicate that the pair of stars is not gravitationally bound and a chance alignment.
To calculate the probability (p chance ) of such a close pair happening as a chance alignment, we selected all stars in the observed region of NGC 6791 with m B > 16 m .1, which corresponds to the apparent magnitude of the fainter of the two components. We found 164 stars that are spread over 0.07 square degrees. The probability of having a chance companion for a star at an angular separation of s ≈ 1. 6 ≈ 0
• .00044, as derived from the coordinates of the two components of KIC 2568888, is given by p chance = s 2 ρ, where ρ is the number density of stars on the sky. We have ρ = 164/0.07 ≈ 2 300 stars per square degree, thus we calculated p chance to be 4.6 × 10 −4 or about 0.05 per cent. This value marks the upper limit of the chance alignment probability, which would decrease further if we use a mass ratio close to 1 as an additional constraint for the pairs of stars that are considered in the calculation. We also note that we obtained a similar result when computing ρ from 2MASS stars in the same area. This brings us to the final conclusions that:
-If the stars of KIC 2568888 are not components of a binary system, then it would be a very rare case of an optical double system with ∼ 0.05% chance based on the observed magnitudes.
-If the stellar radii of stars A and B are accurate and these stars are gravitationally bound, then there might be a third star to account for the excess flux. Additional radial velocity measurements from APOGEE and Gaia could potentially provide a test if either of the two stars is itself a binary. This would explain the visual magnitudes of the two observed oscillating red-giant stars, and thus the discrepancies in the distance estimates.
In any case, it will be interesting to see the Gaia end of mission products for this pair of stars. With a more complete set of astrometric and photometric parameters at hand, e.g. reliable proper motions and parallaxes for each component, the Gaia final data release may provide the only possibility to solve this issue in the near future. Since binarity will be taken into account in the prospective Gaia data analysis, we propose KIC 2568888 as a strong candidate for further binary investigation.
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